Abstract. The New Mexico Bureau of Geology and Mineral Resources (NMBGMR) has been collecting data on mining districts, mines, mills, and mineral deposits since it was created in 1927. The NMBGMR has been slowly converting years of historical data into an electronic relational database that eventually will be available on the Web or Internet, as funding becomes available. The database includes information on mining districts, mines, mills, chemistry, photographs (both recent and historic), and bibliography. The available data includes location, production, reserves, geologic, geochemical, resource potential, mining, ownership, and other data. The database is comprised of eight main tables that store data for mines, mining districts, samples, drillhole, waterwells, county, photographs, and projects, with more than 70 supporting tables. Each of these eight tables is linked to the others, where appropriate, and all the supporting tables are linked to one or more of these eight main tables. Once data are entered into appropriate tables and keyed to location, the data can be converted easily to GIS format for displaying on maps. The mine locations are keyed to specific points defined by latitude and longitude, whereas the districts are keyed to polygons. The purposes of this database are to provide computerized data that will aid in identifying and evaluating resource potential, resource development, management, and production, and possible environmental concerns. Environmental concerns include physical hazards (for example hazardous mine openings), indoor radon, regional exposure to radiation from the mines, and point sources of possible pollution in areas of known mineral deposits. These data will be useful to the State of New Mexico, as well as other government agencies to support informed land-use decisions.
Introduction
The NMBGMR has collected published and unpublished data on New Mexico's mines, mining districts, deposits, mineral occurrences, and mills since it was created in 1927 and is converting historical data into a relational database, the New Mexico Mines Database, using Microsoft Access 97. The purposes of this database are to provide computerized data to assist in:
• identifying and evaluating resource potential
• resource development, management, and production
• possible environmental concerns, such as physical hazards (e.g. hazardous mine openings), indoor radon, regional exposure to radiation from the mines, and point sources of possible contamination in areas of known mineral deposits.
These data will be useful to federal, state, and local government agencies, public organizations, private industry, and individual citizens in order to make better land-use decisions. These data are particularly useful in identifying mine sites in a given area and examining the potential for that mine site to contribute metals and/or other contaminants to the watershed.
The goal of the New Mexico Mines Database is to provide the best data available on mines and mining districts in New Mexico. Only public data is incorporated into the database, in order to protect some company data that is confidential. New information is continuously becoming available and will be incorporated into the database as funding permits. The New Mexico Mines
Database includes updates of databases previously released by NMBGMR (McLemore et al., , 2002 .
The New Mexico Mines Database
Eight main tables comprise the New Mexico Mines Database (Appendix 1): Mines, Districts, Samples, Drillhole, Waterwells, County, Photographs, and Projects, with more than 70 supporting tables (available by request from the senior author). Each of these tables is linked to the others, where appropriate, and all the supporting tables are linked to one or more of these eight main tables. Additional tables of data can be added as long as the new table is linked to one of the eight main tables by the appropriate key attribute. Thus, the New Mexico Mines Database is constantly evolving to meet the needs of the users.
The Mines table and supporting tables provide information on the mines, quarries, mineral deposits, mineral occurrences, and mills located in New Mexico, and is defined by the mine id.
The mine id is a unique number consisting of a prefix NM (for New Mexico), a two-letter abbreviation that represents the county followed by a unique number. Mine id is the key attribute used to link all appropriate supporting tables to the Mines table. The term mine is defined here as any prospect, mineralized outcrop, altered area, quarry, mine working, mill, smelter, or other mining-related facility, including geothermal wells and other mineral wells, but excluding petroleum wells. Altered and mineralized areas are included where known even if never mined or developed, because these areas have particular importance in terms of mineral resource development and/or environmental impacts.
A mineral occurrence is any locality where a useful mineral or material occurs. A mineral prospect is any occurrence that has been developed by underground or above ground techniques or by subsurface drilling to determine the extent of mineralization. The terms mineral occurrences and mineral prospects do not have any resource or economic implications. A mineral deposit is any occurrence of a valuable commodity or mineral that is of a sufficient size and grade (concentration) that might under past, present, or future favorable conditions has potential for economic development. An ore deposit is a well-defined mineral deposit that has been tested and found to be of sufficient size, grade, and accessibility to extract and process metals or other commodities at a profit at a specific time. Thus, the size and grade of an ore deposit changes as the economic conditions change. Mineral deposits and especially ore deposits are not found just anywhere in the world. Rather they are relatively rare and depend upon certain natural geologic conditions to form. The requirement that an ore deposit must be extracted at a profit makes them even more rare.
The District table provides information on mining districts, coal fields, or mineralized geographical areas as defined by File and Northrop (1966) , North and McLemore (1986) , McLemore and Chenoweth (1989) , Hoffman (1996), and McLemore (2001) and is defined by the district id. The district id is a unique identification number with prefix of DIS. District id is the key attribute used to link all appropriate supporting tables to the District table. The term mining district, as used in this report, is a group of mines and/or mineral deposits that occur in a geographically defined area and locally are defined by geologic criteria (mineralogy, lithology, stratigraphic horizons, structural features, etc.). The names of mining districts as established by File and Northrop (1966) The Samples table provides information on samples and geochemical data collected at a mine or within a district. Sample and geochemical data are keyed to both a field id and a sample id.
The field id is a unique field identification number. The sample id is a unique sample identification number, and in many cases may be identical to the field identification number.
Sample id is the key attribute used to link all appropriate supporting tables to the chemistry tables. Some samples are split into two or more size fractions after collection, thus requiring a separate unique sample identification number, but the same field identification number. Other supporting tables include information on sample preparation, QA/QC, laboratory, method of analysis, upper and lower detection limits, chain of custody, and other data.
The Drillhole table provides information on the location, driller, and ownership of drill holes, including waterwells in a district or at a mine site. The Drillhole table is linked to the chemistry, stratigraphy, and other supporting tables by the Hole id (key attribute).
The Waterwells table provides information on ground water, including well construction, down hole geology, water level, and hydraulics data, and is linked to the Drillhole, stratigraphy, chemistry, and other supporting tables by the Hole id (key attribute).
The County Photograph id is the key attribute that links the photographs to the other tables.
The Projects table provides information on NMBGMR projects. Project id is the key attribute that links the projects tables to the other tables.
Available Data
The available data for this database are from a variety of published and unpublished reports and miscellaneous files in the NMBGMR mining archives, and include information on location, production, reserves, resource potential, significant deposits, geology, geochemistry (rock, water, etc.), well data, historical and recent photographs, mining methods, maps, ownership, and other data. Since the database includes location information, the database can be added to GIS and incorporated with other GIS layers and databases, such as the New Mexico Geochronology database, the New Mexico Petroleum database, geologic maps, topography, igneous rocks database, geophysical data, and remote sensing.
Quality Control
The most difficult task is maintaining quality control of both the data being entered into the database and of the database itself. Quality control (QC) is a system of procedures, checks, audits, and corrective actions to ensure that data are collected, stored, and analyzed in an acceptable manner, and that technical aspects and reporting are adequate. The main objectives of a QC program are to:
• document the procedures for data collection, preparation, and analysis
• provide assurance as to precision and accuracy of chemical analyses using replicate samples, cross-laboratory checks, and certified reference materials • provide information regarding data analysis and interpretation
• define an acceptable magnitude of error on chemical analyses
• determine completeness of the data set
• define the decision-making process to be used
• provide a chain of custody of samples when required.
All of these objectives can be met with relational databases such as the New Mexico Mines Database.
NMBGMR staff and students and will input data into the database (ACCESS 97), which can then be converted into GIS format. NMBGMR staff will check the database as it is being developed to ensure that data are being entered accurately. NMBGMR staff will check the accuracy of the locations of the mines using USGS topographic quadrangle maps and GIS.
Misuse Of Data
One of the concerns about releasing these data is that the general public will have ready Production and reserve data also are provided in the database and must be used with caution.
Mining production records and reserve data are generally of poor quality, particularly for the earliest times and many early records are conflicting. These production and reserve figures represent the best data available and were obtained from published and unpublished sources (NMBGMR file data). However, production figures and reserve data are subject to change as new data are obtained. Specific questions regarding chemical, production, and reserve data should be sent to the senior author.
Integration of the New Mexico Mines Database with the USGS Geoenvironmental Mineral Deposit Models
The geologic characteristics that geologists use to understand and classify mineral deposits also are important keys to understanding the effects of mineral deposits on the environment. These include mineralogy (most important is the amount and form of pyrite), host rock lithology, metal association, and geochemistry. The New Mexico Mines Database includes this information on a district and mine scale, wherever the data are available.
Numerous classifications have been applied to mineral deposits to aid in exploration and evaluation of metallic resources (Lindgren et al., 1910; Lindgren, 1933; Eckstrand, 1984; Guilbert and Park, 1986; Cox and Singer, 1986; Roberts and Sheahan, 1988; Sheahan and Cherry, 1993) . Early classifications were based on the form of the deposit or a combination of form and perceived chemical conditions of formation, such as Lindgren's (1933) classification of mineral deposits associated with igneous rocks into epithermal, mesothermal, and hydrothermal.
In the 1960s and 1970s, wide acceptance of plate tectonic theories led to the recognition that similar mineral deposits occur in areas of similar tectonic settings and resulted in classifications of mineral deposits according to tectonic settings (Sillitoe, 1972 (Sillitoe, , 1981 Guilbert and Park, 1986 ).
In the 1980s, mineral deposit models became popular, which incorporated tectonic setting and physical and chemical characteristics of the deposits (Cox and Singer, 1986; Roberts and Sheahan, 1988; Sheahan and Cherry, 1993) . In New Mexico, McLemore (1986, 1988) and McLemore (2001) classified the silver and gold deposits of New Mexico according to age, mineral assemblages, form, alteration, tectonic setting, and perceived origin. This classification, with a few modifications and numerous additions, is retained in the New Mexico Mines Database (Table 1 ) and can be easily related to the USGS geoenvironmental mineral deposit models (du Bray, 1995) , which provide geologic information that can be used to better understand, predict, minimize, and remediate potential environmental effects of mineral resources. Table 1 . Types of metallic mineral deposits in New Mexico (after McLemore, 1986, 1988; Cox and Singer, 1986; McLemore and Chenoweth, 1989; McLemore and Lueth, 1996; McLemore, 2001 Geoenvironmental models provide one method of developing site conceptual models and identifying potential water quality impacts based on characteristics of the mineral deposit. A geoenvironmental model is a compilation of geologic, geochemical, geophysical, hydrologic, and engineering information pertaining to environmental behavior of geologically similar mineral deposits prior to mining, and resulting from mining, mineral processing, smelting, and refining (Plumlee and Nash, 1995; Plumlee et al., 1999) . Geologic data are compiled, including deposit type, related deposit types, deposit size, host rocks, surrounding geologic terrane, wall rock alteration, nature of ore, mining and ore processing methods, deposit trace element geochemistry, primary mineralogy and zonation, secondary mineralogy, soil and sediment signatures, topography, hydrology, drainage signatures, climatic effects, and potential environmental concerns (Plumlee, 1999; Plumlee et al., 1999) . The New Mexico Mines Database contains information, where available, on mine sites that can be used in conjunction with the geoenvironmental models to better understand, predict, minimize, and remediate possible environmental impacts at a mine site or within a mining district. Thus, sites can be initially assessed by determining site characteristics and comparing them with previously determined relationships between similar characteristics and their potential for adverse impacts on water quality. Ultimately each site needs to be characterized and evaluated separately to adequately determine if the mine site is affecting the environment, but the geoenvironmental mineral deposit models provide a first-cut understanding of the potential environmental effects.
Environmental Applications
The New Mexico Mines Database provides detailed information in specific fields on the mineralogy, host rock lithology, and metal association of each mine or mining district. The database also includes limited geochemical data of both solid (host rock, ore, mine wastes, tailings, stream sediments, etc.) and water (surface, ground, pit lakes, etc.) samples.
Goals of the database, with respect to environmental applications are:
• identify mine sites and types of deposits within a given area
• provide a history of previous study including the nature and extent of work conducted at a given mine site or facility in New Mexico • quickly guide an investigator or an agency regulator to relevant information regarding a site • provide the information necessary to focus a study on the most relevant issues to maximize time and expenditure • provide a medium where accumulated data may be of use for numerous purposes not limited to permit applications, environmental assessments, human and ecological risk assessments, mine closure, mine plans of operation, academic research, and industrial evaluation.
The suitability of the data should be evaluated in the context of the purpose of the investigator. The NMBGMR has and is compiling data from the numerous sources at its disposal. The user is responsible for understanding the specific QA/QC and other documentation requirements of the investigation being conducted and the data should be used appropriately.
Numerous references used in the development of the database are available in the New Mexico Bibliography kept by the NMBGMR. This provides an opportunity for the investigator to locate reports for further consulting, if desired. Photographs of sample sites
